Recent results on Higgs searches at the LHC point towards the existence of a Higgs boson with mass of about 126 GeV whose diphoton decay rate tends to be larger than in the Standard Model. These results are in tension with natural MSSM scenarios: such a Higgs mass requires heavy (third-generation) squarks which reintroduce some amount of fine-tuning and in general the Higgs diphoton decay rate tends to follow the Standard Model result. In this paper we prove that these problems can be alleviated by introducing an extra supersymmetric triplet coupled to the Higgs in the superpotential. This superfield generates a sizeable tree-level correction to the Higgs mass so that the third generation is no longer required to be heavy, and its charged component enhances the diphoton Higgs decay rates by as much as 50% with respect to the Standard Model values. We also show that such a scenario is compatible with present electroweak precision observables.
Introduction
The ATLAS and CMS collaborations at CERN have recently reported [1] [2] [3] [4] [5] [6] excesses in several channels compatible with a Higgs with mass m h ≃ 126 GeV. This value of the Higgs mass puts a strong tension on the minimal supersymmetric extension of the Standard Model (MSSM) as very heavy third generation squarks and large stop mixing are required in order to reproduce it [7] . Such mass values in the stop sector are in conflict with the MSSM as a natural solution to the hierarchy problem and create a little hierarchy problem.
In fact in the MSSM the couplings of the Higgs sector are a prediction of the model so that in the decoupling limit the Standard Model (SM)-like Higgs mass turns out to be [8] where m t and m Z are the top and Z masses, α 3 is the QCD coupling, m Q is the (common) supersymmetry breaking mass of the third generation squarks 1 and µ is the holomorphic Higgsino mass. Moreover, we use the notation v = v 
is the vacuum expectation value (VEV) of the Higgs H 1 (H 2 ) coupled to down (up) quarks. As it was pointed out in Ref. [8] , Eq. (1) for values of m Q 1.5 TeV provides a good approximation (within 2 GeV error) to more sophisticated numerical results. Actually one easily obtains from Eq. (1) that quite heavy third generation squarks with m Q = O(1 TeV), large tan β and a sizeable mixing X t are needed [7] in order to reproduce a SM-like Higgs mass of about 126 GeV. These heavy squarks however induce large radiative contributions to the electroweak breaking mechanism and then tend to rise the electroweak scale far away from the observed one (say the Z mass) unless a fine-tuning of around one per mille is done.
In short, by taking naturalness as a guiding criterion for physics beyond the SM, there is a tension in the MSSM between the actual values of the Higgs and Z boson masses. To alleviate this tension a simple supersymmetric possibility (without enlarging the SM gauge group) is to extend the MSSM with some extra multiplets which trigger extra tree level contributions to the Higgs quartic coupling, in such a way that one could reproduce the experimental value of the Higgs mass without the need of heavy third-generation squarks.
Several proposals have been made in the literature [9] 2 . As the extra multiplet has to be coupled to the Higgs sector in the superpotential by renormalizable couplings, the number of possible extra multiplets is reduced: either SU(2) L singlets or triplets with hypercharge Y = 0 or ±1 can play this role.
On the other hand, a further source of tension comes from the LHC measurements of the Higgs decay rates. From the experimental results on the Higgs decay into ZZ and W W channels one may infer that in this sector no dominant contributions beyond the SM ones do exist in Nature, as well as in the Higgs production through either gluon or weak vector boson fusion. However new physics beyond the SM will arise from the diphoton Higgs decay rate if LHC keeps on showing a significant excess with respect to the SM prediction when more LHC data will be collected. Assuming SM-like Higgs production, the ratio between the diphoton rate observed at LHC and the one expected in the SM is R γγ = 1.8±0.5 for ATLAS (m h = 126 GeV) [5] and R γγ = 1.6 ± 0.4 for CMS (m h = 125 GeV) [6] . The central value of the combination of these measurements, which roughly corresponds to an enhancement of ∼ 1.7 with respect to the SM prediction (with an error around ±0.3) is hard to reproduce in the MSSM [7] and, if this central value were confirmed with more statistics, it would represent a strong tension between the MSSM and LHC data. A supersymmetric extension of the SM solving this problem should then extend the MSSM by some electrically charged (extra) states coupled to the Higgs that should contribute to R γγ at one-loop. Notice that these extra states, possibly charged under both SU(2) L and U(1) Y , would generate a subleading (one-loop) correction to the SM (tree-level) weak vector fusion production. Moreover they should be colorless in order to not modify at leading order the gluon-fusion Higgs production arising at one-loop in the SM.
In the present paper we analyze minimal MSSM extensions where extra states can relax the little hierarchy problem in the presence of a 126 GeV Higgs mass as well as reproduce the diphoton excess in the Higgs production rate.
2. The model As the singlet is electrically neutral only triplets, which contain charged states and can thus contribute to the h → γγ decay width, are natural candidates to the MSSM extension. In particular we consider the effect of a supersymmetric Y = 0 triplet
on both issues: the Higgs mass generation and the diphoton rate. The most general renormalizable coupling of the triplet Σ to the Higgs sector is provided by the superpotential
that gets added to the MSSM one. Notice that tr Σ 3 ≡ 0 due to its own structure. The new interaction modifies the Higgs potential and, in the decoupling limit, the tree-level mass of the SM-like Higgs is given by
We see that for moderate values of λ the tree-level mass can be lifted so that no large contributions from loop corrections are required to reproduce m h ≃ 126 GeV. In particular, stops can be light, thus reducing the fine tuning for the electroweak scale. Notice also that the new contribution is relevant mostly when tan β ≃ 1 while it vanishes when tan β → ∞. In this way it will be possible to cope with the LHC Higgs mass for moderate values of tan β without large stop mixing, contrarily to what happens in the MSSM. One strong constraint on models with triplets comes from the electroweak precision tests (EWPT), in particular from the ρ-parameter constraint [11] . If the scalar component of the triplet acquires a VEV ξ 0 it will give a tree-level contribution to the ρ parameter as
which will easily be in conflict with experimental data. On the other hand a triplet VEV will always exist in a theory with a superpotential given by Eq. (5) after electroweak breaking. Moreover once supersymmetry is broken, one expects the soft-breaking term λA λ H 1 · ΣH 2 to appear in the scalar potential, depending on the particular mechanism of supersymmetry breaking, where now all symbols denote just the scalar components of the chiral superfields. So once the Higgs gets a VEV it will generate a tadpole for the neutral component ξ 0 of Σ and the previous terms will induce the VEV
where m Σ is the supersymmetry breaking mass for the triplet and A λ is the trilinear supersymmetry breaking parameter associated to the superpotential (5). The present bound on the ρ parameter, ρ = 1.0004
−0.0004 [11] , imposes the constraint ξ 0 4 GeV at 95% CL. In order to be consistent with the experimental value of the ρ parameter we are going to suppose that there is a hierarchy between the trilinear coupling A λ and supersymmetric masses in the superpotential (5), and the soft mass for the Σ-scalar 4 , i.e. A λ , µ, µ Σ ≪ m Σ . Moreover to cope with the experimental value of the ρ parameter we will consider that the scalar component is in the TeV range and thus its presence is negligible in this discussion. We will then hereafter neglect ξ 0 and put it to zero. In the fermion sectorξ 0 mixes with the MSSM neutralinos (
. As the relevant states for the ratio R γγ are the charged ones we will concentrate on charginos. Their mass matrix is given by
4 Notice that the required hierarchy A λ ≪ m Σ naturally arises if the supersymmetry breaking mechanism is driven by gauge interactions where both m where we have put for simplicity ξ 0 = 0 while for definiteness the parameters M 2 , µ and µ Σ will be assumed to be positive in the rest of the paper. In the limit where M 2 ≫ m W , the three charged eigenstates ( χ 
Therefore the parameter m ≡ m − is a good estimate for the mass of the lightest chargino m χ
, which we will impose to be heavier than 94 GeV [11] , and the whole chargino sector can be expressed as function of m, λ, tan β, µ − and M 2 . In all cases we will choose the value of the mass parameter m such that, in the corresponding region of the parameter space, the experimental bounds on the chargino masses are fulfilled.
3. The ratio h → γγ In the limit where m and by taking into account the main contributions due to charginos, W boson and top quark t, the diphoton Higgs decay rate with respect to the SM value R γγ turns out to be [12] [13] [14] 
where τ i = m 
and its sign depends on the specific values that one can choose for the parameters 5 . In the present paper we are interested in cases where the r.h.s. of Eq. (11) is positive, which leads to an enhancement of the diphoton Higgs decay rate as suggested by present LHC data. This will be studied by imposing m h = 126 GeV. In particular as we do not need very heavy third-generation squarks to achieve such a Higgs mass, in the following illustrative examples we will fix m Q ≃ 700, X t = 0 (i.e. mt 1 = mt 2 = 700 GeV) and X t = 4 (i.e. mt 1 = 545 GeV and mt 2 = 828 GeV).
In Fig. 1 we present the contour lines of m h = 126 GeV for X t = 0 [thick solid (red) curves] and X t = 4 [thin solid (red) curves] and the contour lines of R γγ (dashed black curves) in the plane (λ, tan β) where we fix µ = µ Σ . In the left panel, where we take M 2 = 750 GeV and m = 100 GeV, the chargino masses vary as m χ ∈ [280, 360] GeV. Up to now we have presented results on R γγ for µ − = 0. The variation with µ − for tan β = 1 is shown in Fig. 2 where we vary µ − for M 2 = 750 GeV, m = 100 GeV (left panel) and M 2 = 250 GeV, m = 117 GeV (right panel). We can see that increasing µ − (starting from µ − = 0) does not enhance R γγ for a given Higgs mass curve (thin red line for X t = 4 and thick red line for X t = 0). Instead, for µ − < 0 one might naively extrapolate from the figure that negative values of µ − lead to better results, but for the shown choices of parameters such a possibility would actually yield too small lightest chargino masses.
4. Electroweak observables An important question is how the zero-hypercharge supersymmetric triplet modifies the electroweak observables, especially the T parameter [16] which is particularly sensitive to the presence of the triplet. Indeed, as already mentioned above, the triplet contributes to the T parameter at tree-level as the previously considered ρ-parameter and T are related by ρ − 1 = αT , where α is the electromagnetic constant at the m Z scale. As we already mentioned electroweak breaking produces at tree-level a tadpole in its neutral component ξ 0 and the experimental constraint on this contribution then requires ξ at 95% CL. Moreover at one-loop the supersymmetric triplet contributes to the electroweak observables through its coupling to the Higgs sector and, for µ = µ Σ , the oblique S and T parameters [16] get modified compared to the MSSM as
where the O(g 4 ) correction is coming from the (MSSM) Wino-Higgsino mixing. These corrections are based on an expansion at O(s 2 W ) [17] and turn out to be small in the considered region as compared with the experimental values [11] S = 0.04 ± 0.09, T = 0.07 ± 0.08 (88% correlation) .
We plot in Fig. 3 we obtain S ≃ 0.08 and T ≃ 0. The technical reasons why triplet corrections to the electroweak observables are generally small in the considered region are:
• For tan β = 1 (and zero triplet VEV) the custodial symmetry is unbroken by the triplet and thus T = 0.
• Apart from the loop factor there is the extra suppression m 2 W /µ 2 and it turns out that this ratio is small. For instance with m = 117 GeV, λ = 0.85 and tan β = 1 we get µ = 221 GeV for tan β = 1 and µ = 177 GeV for tan β = 6.
5. Perturbativity A final issue which has to be considered is perturbativity of coupling constants. In fact the evolution with the scale of the couplings λ and h t are given by the renormalization group equations (RGE) [9] 
where the dots stand for d/dt and t = log(Q/GeV). We can see from the first equality in Eq. (14) that for large enough initial values of λ ≡ λ(m t ), the running coupling λ(Q) is driven to larger values at high scales and eventually it reaches non-perturbative values (λ(Q) ≃ 4π) in the ultraviolet (UV) at some scale Q ≃ Λ, the cutoff of the theory, near its Landau pole. This means that the theory becomes non-perturbative, unless it is UV completed at some scale smaller than Λ. It is thus clear that the MSSM with an extra zero-hypercharge triplet does not unify perturbatively 6 . However if the theory is still valid near its Landau pole all couplings will feel the singularity through the higher loop RGE and they can unify through the so-called non-perturbative unification [18] 7 . With respect to conventional unification, non-perturbative unification has the attractive feature that low energy couplings are less sensitive to high energy physics. Fig. 4 (left panel) shows the value of the cutoff Λ (in GeV) in the plane (λ, tan β) for the MSSM model completed with the supersymmetric Y = 0 triplet Σ. We can see that when λ = 0.8 the cutoff Λ ranges from 10 
GeV to 10
16 GeV for tan β ≃ 1 to tan β ≃ 6, respectively. In particular, in the parameter region considered in the right panels of Figs. 1 and 2 , for R γγ ≃ 1.5 and m h = 126 GeV it turns out that Λ ≃ 2 × 10 9 GeV. This can be also seen in the right panel of Fig. 4 where the evolution of the couplings λ(t) and h t (t) is presented.
6. Conclusion In conclusion if one interprets the excess discovered at LHC as a Higgs boson with a mass about 126 GeV, a little hierarchy problem emerges in the MSSM. In addition a further tension between the MSSM and experimental results would arise if the actual tendency of ATLAS and CMS data, on Higgs production and decay, towards deviations from the SM results only in the Higgs diphoton decay channel, would be confirmed with better precision in the present (and forthcoming) LHC run. In this paper we have proven that both problems can be naturally overcome by minimally extending the MSSM by a colorless zero-hypercharge SU(2) L -triplet with a coupling to the Higgs superfields of order one, in fact h t , the top quark Yukawa coupling. In such a case, even for small tan β and no mixing between the third-generation squarks, it is possible to reach the experimental value of the Higgs mass m h = 126 GeV and at the same time ∼ 50% enhancement in the Higgs diphoton decay rate. In the considered parameter range the theory is consistent with electroweak precision tests and hints towards a non-perturbative unification at the scale ∼ 10 9 GeV. Finally the experimental signals of this triplet could come from pair production of neutralinos (charginos) which then decay mainly into Higgs plus missing energy.
